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(54) OPTICAL WAVEGUIDE AND ITS MANUFACTURE 

(57) Abstract; 

PROBLEM TO BE SOLVED: To form an optical waveguide 
in a glass material by irradiating this material with a 
laser having a high peak output value. 

SOLUTION: A glass sample 1 is continuously condensed 
and irradiated with the pulse laser beam 2 having peak 
power intensity of ? . F 10 5 W/cm 2 and a repeating frequency 
of ^.10KH2. This sample 1 is continuously moved along 
the optical axis direction of the pulse laser beam 2 or 
the sample 1 is continuously scanned with the focusing 
point 4 of the pulse laser beam 2 at the time of the 
irradiation with the laser Various kinds of glass, 
etc., having high transparency are used for the sample 
1. The condensing point 4 induces the light induced 
change in the refractive index and the locus of the 
focusing point 4 is written as an optical waveguide 5 
into the sample 1 . 
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(54) OPTICAL WAVEGUIDE AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form an optical waveguide in a glass 
material by irradiating this material with a laser having a high peak 
output value. 

SOLUTION: A glass sample 1 is continuously condensed and ^ 
irradiated with the pulse laser beam 2 having peak power intensity of > 
105W/cm2 and a repeating frequency of >10kHz. This sample 1 is 
continuously moved along the optical axis direction of the pulse laser 
beam 2 or the sample 1 is continuously scanned with the focusing 
point 4 of the pulse laser beam 2 at the time of the irradiation with the 
laser. Various kinds of glass, etc., having high transparency are used 
for the sample 1 . The condensing point 4 induces the light induced 
change in the refractive index and the locus of the focusing point 4 is 
written as an optical waveguide 5 into the sample 1. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The optical waveguide by which the portion from which the refractive index changed with the convergent 
radiotherapies of a laser beam is continued and formed in the interior of glass material. 

[Claim 2] The optical waveguide according to claim 1 whose glass material is oxide glass, halogenide glass, a sulfide 
glass, or a chalcogenide glass. 

[Claim 3] The production method of the optical waveguide which forms in the interior of glass material the refractive- 
index change field which condensed the laser beam with the amount of energy which causes an optical induction 
refractive-index change inside glass material, and the condensing point was made displaced relatively inside glass 
material, and continued. 

[Claim 4] The peak power intensity in a condensing point is 105 W/cm2. The production method of the optical 
waveguide according to claim 3 which uses the above laser beam. 

[Claim 5] The production method of the optical waveguide according to claim 3 or 4 which uses the pulse laser light of 
10kHz or more of repetition frequencies. 

[Claim 6] The production method of an optical waveguide given in any of the claims 3-5 which use oxide glass, 
halogenide glass, a sulfide glass, or a chalcogenide glass as a glass material they are. 

[Claim 7] The production method of an optical waveguide given in any of the claims 3-6 to which glass material is 
continuously moved to the condensing point of a laser beam they are. 

[Claim 8] The production method of an optical waveguide given in any of the claims 3-6 to which the condensing point 
of a laser beam is continuously moved inside glass material they are. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the optical waveguide by which the refractive-index change field was 

continued and formed in the interior of glass material of laser radiation, and its production method. 

[0002] 

[Description of the Prior Art] The optical waveguide used in optical communication etc. is formed in the interior of 
glass material, such as glass, by the ion-exchange method, flame hydrolysis, etc. With an ion-exchange method, it is 
Ag+ to the glass-substrate surface layer from slit-like opening of a metal membrane. Ion is made to invade thermally 
and it is Na+ in glass. Ion and Ag+ After forming a waveguide in a surface layer according to the ion exchange of the 
1st step which exchanges ion, uniform electric field are impressed to a glass substrate, and it is Na+ in fused salt. Ion is 
made to trespass upon a glass front face. Na+ Ion is Ag+. The high refraction field on the front face of the maximum 
which ion formed is moved to the bottom of a front face. Consequently, a waveguide is embedded in the bottom of a 
glass front face, and a low propagation loss property is secured, the core of the optical waveguide created by this 
method -- the semicircle of 10-200 micrometers of diameters, or an almost circular cross section ~ having ~ the ratio 
around 1% ~ there are many things with a refractive-index difference 

[0003] In flame hydrolysis, the object for lower clad and the glass particle layer of the bilayer for cores are made to 
deposit on the front face of a silicon substrate by flame hydrolysis of a silicon tetrachloride and a germanium 
tetrachloride, and a particle layer is reformed in a transparent glass layer by heating at high temperature. Subsequently, 
the core section which has a circuit pattern by the photolithography and reactant etching is formed. The optical 
waveguide created by this method has thickness as thin as several micrometers. 
[0004] 

[Problem(s) to be Solved by the Invention] By the ion-exchange method, since the ion exchange is adjusting the 
refractive-index distribution, the formed waveguide structure is restricted to the portion near a glass front face. The 
glass which can create a waveguide is also restricted to the material in which the ion exchange is possible. Moreover, 
since the ion exchange takes a long time, productivity is also low. On the other hand, the creation process of flame 
hydrolysis of a waveguide is complicated, and it is restricted to the glass composition to which an usable material also 
makes a quartz a principal component. Furthermore, in order to reform the particle deposited on the substrate front face 
in a glass layer, creation of an optical waveguide with a circular cross section is difficult. 

[0005] Furthermore, in an ion-exchange method or flame hydrolysis, although the optical waveguide which has various 
two-dimension-pattems on the same substrate can be formed, it is difficult to form the optical waveguide together put 
in three dimensions. Therefore, when used as an optical waveguide circuit etc., restrictions are received, and it cannot 
apply to a use with complicated circuitry. By being thought out that such a problem should be solved and moving 
relatively the condensing point of the laser beam which made the interior of glass material condense, this invention 
makes the interior of glass material cause the structural change which brings about refractive-index change, and aims at 
forming an optical waveguide. 
[0006] 

[Means for Solving the Problem] The optical waveguide of this invention is characterized by continuing and forming in 
the interior of glass material the portion from which the refractive index changed with the convergent radiotherapies of 
a laser beam in order to attain the purpose. Halogenide glass, a sulfide glass, a chalcogenide glass, etc. are used for 
glass material. There are a silicate system, a borate system, a phosphate system, a ******** system, a bismuth system, 
etc. in oxide glass, and it is BeF2 in halogenide glass. A system and ZrF4 A system and InF3 There are a system, a Cd- 
Zn-Cl system, etc., there is an Ga-La-S system etc. in a sulfide glass, and there is a Se-As system etc. in a chalcogenide 
glass. 

[0007] This optical waveguide condenses a laser beam with the amount of energy which causes an optical induction 
refractive-index change inside glass material, makes a condensing point displaced relatively inside glass material, and 



is manufactured by forming the continuous refractive-index change field in the interior of glass material. It is 105 
W/cm [ in / a condensing point / although it changes also with kinds of glass, in order to cause an optical induction 
refractive-index change as a laser beam ]2. It is desirable to have the above peak power intensity. Peak power intensity 
is the value which expressed with per irradiation unit area the peaking capacity (W) expressed with the ratio of the 
output (energy J) / pulse width per one pulse (second). Peak power intensity is 105 W/cm2. Unless it fills, an effective 
optical induction refractive-index change does not take place, and an optical waveguide is not formed. An optical 
induction refractive-index change is promoted, so that peak power intensity is high, and an optical waveguide is formed 
easily. However, it is difficult to obtain the laser beam of the too big amount of energy practical. Then, use of the pulse 
laser which made peaking capacity high is desirable by narrowing pulse width. In order to make into smooth structure 
the waveguide formed in the interior of glass material, the repetition frequency of a pulse laser is set as 10kHz or more. 
[0008] A laser beam is condensed by beam condensing units, such as a lens. At this time, a condensing point is 
adjusted so that it may be located in the interior of glass material. By making this condensing point displaced relatively 
inside glass material, the continuous refractive-index change field committed as an optical waveguide is formed in the 
interior of glass material. A condensing point is made displaced relatively by moving glass material continuously to the 
condensing point of a laser beam, or specifically, moving the condensing point of a laser beam continuously inside 
glass material. 
[0009] 

[Function] The phenomenon in which a refractive index changes with irradiation of a pulse laser is called optical 
induction refractive-index change, and the example of the silica glass which added P, Ce, germanium, etc. is known. 
Research with the excimer laser which is considered that this phenomenon originates in a part of oxygen defect 
changing structurally by the oxygen defect which has peculiar absorption in an ultraviolet region existing in glass, and 
irradiating the laser beam of absorption wavelength, and has oscillation wavelength in an ultraviolet region is advanced. 
However, the laser beam used by this method cannot have a less than 10kHz low repetition frequency, and cannot give 
sufficient energy for an irradiation portion. Therefore, the configuration of a refractive-index change field becomes in 
spot, and by the time it forms the optical waveguide which needs a continuous refractive-index change, it will not 
result. Moreover, in the state where an average output is fixed, when a repetition frequency is enlarged compulsorily, 
the energy per pulse becomes low and it becomes difficult to carry out induction of the refractive-index change itself. 
[0010] On the other hand, when high peaking capacity was obtained by narrowing pulse width, also in the pulse laser 
with a repetition frequency 10kHz or more, the phenomenon in which a refractive index changed at the condensing 
point of a laser beam was checked regardless of glass composition. Under these conditions, even if it is a pulse laser 
with wavelength other than the peculiar absorption wavelength of glass, the phenomenon of changing the optical 
induction refractive index of glass in a condensing point similarly occurs. Moreover, 105 W/cm [ in / a condensing 
point / even if it is a pulse laser with the wavelength which is in agreement with the peculiar absorption wavelength of 
glass, absorption is weak, and ]2 Reservation of the above peak power intensity produces an optical induction 
refractive-index change. The phenomenon in which a refractive index changes is used effective in production of an 
optical waveguide, although a generating mechanism is unknown. Moreover, since the cycle period is quick, a 
continuous refractive-index change field can be formed in tracing of a condensing portion by scanning glass material 
continuously. Since it is higher than the refractive index of the original glass, this refractive-index change field is used 
as an optical waveguide. 

[001 1] When making smooth waveguide structure form, if it is narrow and pulse separation are put in another way, a 
cycle period is made quick and the 1st pulse and the 2nd pulse need to be irradiated as simultaneous as possible. From 
this, 10kHz of repetition frequencies of a pulse laser is preferably set as 100kHz or more by this invention. If a 
repetition frequency is small, a laser beam will be irradiated dispersedly and a continuous refractive-index change 
required for formation of a waveguide will not be obtained. In addition, a laser beam can be continuously irradiated to 
glass material by making late the scan speed of glass material or the condensing point of a laser beam. However, since 
it irradiates after it set fixed time and the 2nd pulse has lapped after the 1st pulse irradiation in this case, refractive- 
index change formed by the 1st pulse causes second change-ization by the 2nd pulse, and sufficient refractive-index 
change is not obtained. An upper limit is what has an infinite repetition frequency infinite near continuation laser. 
However, if a repetition frequency is enlarged, generally the energy per one pulse will become weak. Therefore, the 
upper limit of a repetition frequency is set up by the output of the laser which glass material uses in fact with the 
threshold which causes refractive-index change. 
[0012] 
[Example] 

Example 1: Si02 : 95 % of the weight, Ge02 : From quartz glass with 5% of the weight of composition, the sample 1 
of a 10mmxl0mmx5mm cube configuration was started. The pulse laser light 2 was condensed with the lens 3, and this 
sample was irradiated, as shown in drawing 1 (a). As a pulse laser light 2, it is Ti:aluminum 203 of argon laser 



excitation. The 150femto second of pulse width oscillated from laser, the repetition frequency of 200kHz, the 
wavelength of 800nm, and the laser of 600mW of average outputs were used. The pulse laser light 2 was condensed 
with the lens 3, and when it was made to irradiate so that the condensing point 4 may arise inside a sample 1, the 
refractive index of the condensing point 4 rose 0.02 times. Change of a refractive index was produced in the ultrashort 
time of a nanosecond or picosecond order. Then, glass or the condensing portion was moved continuously, and as 
shown in drawing 1 (b), the field 5 where a straight-line-like refractive index is high, i.e., an optical waveguide, was 
formed in the interior of a sample 1 . 

[0013] That the optical waveguide is formed actually carried out incidence of the light to the sample, and it checked it 
by light being transmitted only to the portion which has caused refractive-index change. Moreover, die near-field 
pattern by the side of outgoing radiation showed [ circular ] that the cross section of an optical waveguide was the 
diameter of 20 micrometers. Although the example which used the silica glass which carried out germanium dope in 
the example 1 was explained, in other glass, such as the silica glass of a high grade, a phosphate glass, a borate glass, 
fluoride glass, chloride glass, and a sulfide glass, the optical waveguide was similarly formed of laser radiation. Since a 
clear interface does not exist between a core and clad, the obtained optical waveguide has very little interface loss, and 
the practical use as a detailed waveguide forming method in an optical integrated circuit etc. is expected. 
[0014] Example 2: ZrF4 : 50-mol %, LaF3 : Five-mol %, A1F3 : The fluoride glass which has five-mol %, BaF2:20 
mol %, and NaF:20-mol% of composition, and has a 20mmx20mmx5mm cube configuration was used as a sample 1. a 
focus 4 is connected to the interior of a sample 1 ( drawing 2 a) - the convergent radiotherapy of the 120femto second 
of pulse width, the repetition frequency of 50kHz, the wavelength of 1 micrometer, and the pulse laser light 2 of 
150mW of average outputs was carried out like When the condensing point 4 was moved circularly, a line which is 
clearly different from the circumference as shown in drawing 2 (b) was checked by observation according [ formation, 
now that it is ] to an optical microscope inside the sample 1 along with tracing of the condensing point 4. The formed 
line 5, i.e., an optical waveguide, had a circular cross section with a diameter of 12 micrometers. 
[0015] When incidence of the helium -Ne laser beam was carried out from the end side of an optical waveguide 5, the 
line which checked that outgoing radiation of the laser beam was carried out from the other end side of an optical 
waveguide 5 by the optical intensity distribution of a near-field pattern, and was formed of laser radiation had the high 
refractive index as compared with the circumference, and it turns out that it has optical waveguide structure. Moreover, 
when the convergent radiotherapy of the laser beam was repeatedly carried out to the optical waveguide 5, the optical 
intensity by which outgoing radiation is carried out also increased from the end face of an optical waveguide 5, and it 
was checked that refractive-index change also increases by the recurrence of laser radiation. Moreover, pulse width and 
the repetition frequency were kept constant, fluoride glass was irradiated, changing the wavelength of a laser beam 
from 400nm to 2 micrometers, and the optical waveguide was formed. It turns out that the same optical waveguide is 
formed in the interior of glass also in this case from the optical intensity distribution of the near-field pattern of an 
optical outgoing radiation end face. 
[0016] 

[Effect of the Invention] As explained above, in this invention, a pulse laser with a high peaking capacity value is 
irradiated at glass material, such as glass, and the optical waveguide is written in the interior of glass material by 
changing the refractive index of a condensing point. This method has the advantage which can moreover form an 
optical waveguide easily, without passing through a complicated process. Moreover, the configuration of an optical 
waveguide can also be arbitrarily controlled by changing the scanning direction of glass material to the direction of an 
optical axis of a pulse laser, or the move direction of the condensing point over glass material, and the three- 
dimensions-optical waveguide suitable for the optical integrated circuit with complicated circuit structure etc. is also 
produced easily. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The optical waveguide which irradiated pulse laser light to quartz glass, and was created inside (a) and 
glass (b) 

[Drawing 2] The optical waveguide which irradiated pulse laser light on fluoride glass, and was created inside (a) and 
glass (b) 

1 : Glass sample 2: Pulse laser light 3: Condenser lens 4: Condensing point 
5: Optical waveguide 
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